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By Ronald J . Kmpp and Gareth H. Jordan 

- Measurements  of  chordwise  pressure  distributions have been  made  at 
four spanwise stations over  the  10-percent-thick wing of the Bell X-1 
research  airplane. Data are  presented  for a range of section  normal-force 
coefficient  from -0.20 to 0.80 at  Mach  numbers f r m  about 0.30 to 1.19. 

The  results  show  that  the pressure dfstributions  at  the four spanwise 
stations  were  generally similar at  ccanparable  section  normal-force  coef- 
ficients, and that a change occurred  fran the conventional  triangular 
chordwise loading at low  speeds  to  the  more  nearly ret- loading at 
supersonic  speeds. Large changes in the shape  of  the  pressure  distribu- 
tions,  with accampmying movement of section  center  of  pressure,  occurred 
at  Mach  numbers from 0.80 to 0.96 at  the midsemispan stations as a result 
of shock  movement  with 8 chmge In Mach number. The trends of center-of- 
pressure moveEnt at the root  and  tip  stations w e r e  tbe same &8 at  the 
midsemispan  station,  but w e r e  not so pronounced  because of fbehge and 
tip  effects. A t  each  of  the  four  spanwtse  stations  there was a defi- 
nftely  stable  variation  of  section  pitcbing-moment  coefficient  with  sec- 
tion  normal-force  coefficient  at  Mach  numbers  of 0.89 and above. 

At  Mach  numbers  between 0.81 and 0.89, the  reduction  of  pressure 
recovery  behfnd  the  shock was greater  at  the  midsemispan  stations  than  at 
the  root or tip  stations. This result  indicated  that  separation was nbre 
severe st the midsemispan stations. 

At a given  section  normal-force  coefffcient an approximately con- 
stant  negative  chord-force  coefficient  existed  at  subsonic  Mach  numbers 
up  to  somewhat above the  critical  Mach  number at all  stations.  At  tran- 
sonic  Mach  numbers a relatively steady increase in chord-force  coeffi- 
cient  occurred and continued to a definitely  positive value st Mach  num- 
bers  approaching 1.0, above  which  the  values  remained nearly constant  to 

I the limit  of the tests. 
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INTRODU(=TION . 
The NACA High-speed Flight  Research  Station, E-ds Air  Force  Base, 

Calif., has conducted a series of flight  tests in the  subsonic and tran- 
sonic  speed range with the Bell X-1  research  airplane for the  measure- 
ment  of wing loads. The purpose  of  this  paper I s  to present  an  analyeis 
of the pressure  dietributions obtained at t k  root,  tip, and mldeemi- 
span stations,  together with an analysis of the section  aeroaynsmic- 
characteristic  coefficients  (normal-force,  pitching-mament, and chord- 
force) as obtained frm the pressure-dlstributim plots. Most of the 
data  have been presented  previously in unmalyzed tabular form in ref- 
erences 1 to 4. The d a t a  were obtained for Mach numbers f r m  about 0.30 
to 1.19 at  altitudes frm 17,000 to 47,000 feet in level  flight, low- 
speed stalls, push-overs, and pull-ups to high U f t  . Relatively corn- # 

plete  coverage of this Mach number and normal-force range w a s  made at  a 
station 64.4 percent of the wing semispan f r o a n  the  root. This station 
was selected as having flow most  representative  of t w o - U n s i o n a l  fiar. 
A portion  of  the data at  this  station has previously been analyzed in 
reference 5 .  To determine the  spanwise  variation  of  the  section  pres- 
sure  distributions,  less cmplete tests were made at  another midsemispan 
station,  the  root shtion, and  the  tip  station. Scm? section  pressure- 
distribution data f o r  & m i d s a d s p a n  statfon of the B e l l  X-1  research 
airplane  (8-percent-thick w i n g )  are presented in reference 6. 

SYMBOLS 

wing section  chord  parallel to plane of synnnetry, ft 

section pitching-m-nt  coefficient  about  the  25-percent- 
1 

chord  point, (ST - PL) - f)d 
C 

section normd"force coefficient, s,' (PL - sr)d  5 

section  chord-force  coefficient, ('F %) $ 
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M free-stream Mach number 

n airplane  normal-load factor 

. 

. 
P pressure  coefficient, 

P - Po 
P 

P local  static pressure, lb/sq ft 

PO free-stream  static  pressure, lb/sq ft 

free-streem  aynamic pressure, lb/sq ft 

. S wing area,  including area projected through fuselage 
(130 sq ft) 

- t airfoil-section  surface ordinate measured frm section 
chord, ft 

W airplane  weight, Ib 

X chordwise  distance frcan leading  edge of section  chord,  ft 

Subscripts : 

L lower surface 

U upper  surface 

F forward of  upper- or  lower-surface maximum ordinate 

R rearward of upper- or lower-surface maxFmum ordinate 

cr critical  (value for whfch the local flow first  becanes  sonic) 

DESCRIPTION OF WING 

The Bell X-1 research  airplane  used In these t e s t s  and some of the 
dimensions are sham in the photograph and three-view drawing  presented 
as figures 1 and 2. The spanuise and chordwise  locations  of  the pressure- 
measuring orifices are sham in figure 3. 

The airplane has a w i n g  of  aspect  ratio 6 and taper  ratio 0.5, 
with a modified NACA 65-110 airfoil  section.  Over  the  flap  stations . (stations A and C) the afrfoil section w a s  modified rearward of the 
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85-percent-chord  point  to give a fWte thickness at the  trailing  edge. 
For the  aileron  stations  (stations D and F) the cusp was replaced  by a 
straight  taper  rearward of the  85-percent-chord  point  to  reduce  aileron 
hinge  moments (ref. 7). The  ordinates of the  modified  airfoil  sections 
are  presented Fn table I. The 40-percent-chord  line  is  perpendicular 
to  the plane of symnetry,  and  the wing has an incidence  angle  with 
respect  to the fuselage  axis of 2.5O at the  root  and l.5O at the  tip. 
The wing was painted  and  polished  during  the tests, but no refined 
filling or smoothing  was  attempted. 

I N S T R L . " T I O E J  AND DATA REDUCTION 

Standard NACA instrumentation was used  to  obtain  free-stream  static 
pressure, free-stream  dynamic  pressure,  pressure  altitude, normal accel- 
eration, and control-surface  position.  Wing-surface  pressures  were meas- 
ured  with two NACA recording  multiple  masornietere. All records  were syn- 
chronized  by a c m m n  timer. 

A U  surface  pressures  were  measured  relative  to the pressure in t k  
instrument comprtment. The instrument-compartment  pressure was meas- 
ured  relative  to  the  static  pressure  measured by the  Pitot-static  tube, 
which was corrected  to  free-stream  static  pressure  by  the  radar-trackfng 
method of reference 8 .  

Wing-surface preseures were  obtained from 1/8-inch-dimeter flush 
orifices  installed in the w i n g  surface.  The  orifices  were connected to 
the  instrument  canpartment  by aluminum tubing of l/8-inch  inside diameter. 
The  length of aluminum  tubing  varied frm about 2 feet  at  the  root  sta- 
tion to about 14 feet at the  tip  station. Approximately 3 feet of rubber 
tubing of 3/16-in~h inside  diameter  was  used  to  connect  each  orifice  lead 
to  the manometer cell.  The  effects of lag in the  measurement of surface 
preseures  have  been  neglected  since  these  effects  are  insignificant  at 
the  rates  at  which  the  pressures  were changing during  these  tests. 

The  plots of section  pressure  distribution  obtained  throughout  the 
maneuvere, from which the  representative  pressure-distribution  plot8 of 
this  paper  were  picked, have been mech&nically integrated. Values of 
section  normal-force  coefficient,  section  pitching-mcanent  coefffcient 
(about  the  quarter-chord  point), and section  chord-force  coefficient 
were  thus  obtained  throughout  the  Mach number and  normal-force-coefficient 
range of the tests.  Sectfon  center-of-pressure  locations  were  calcu- 
lated  from  the values of pitching-moment  coefficient and normal-force 
coefficient. Becawe of the  lack of section  angle-of-attack data, It 
was not possible  to  convert  the no&-force and chord-force  coeffi- 
cients  to  lift  and drag coefficients. Also for  this  reason, none of 
the d a h  have  been  presented as a function  of  angle of attack. !The 
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summary  plots  of  section  aerodynamic-characteristic  coefficients  present 
these  data  in  the  form of cross  plots of the  initial  data,  in  order  that 
either  section  normal-force  coefficient or Mach  number  might be held 
constant. 

TESTS 

The data presented  herein  were  obtained  during  unaccelerated stalls 
at  Mach  numbers  less than O . w ,  durlng a series  of  pull-ups and push-overs 
(at  approximately  constant M) at  Mach  numbers f Y o m  0.53 to 1.19, and 
during  level  flight f’rm a Mach nmber of 0.79 to 1.00. The law-speed 
data  were  obtalned  at  altitudes  down to about l7,OOO feet  and  the  high- 
speed  data  were  obtained  at  higher  altitudes,  up  to  about 47,000 feet. 
During all the maneuvers for which  data are presented,  the  rolling  veloc- 
ities  were low and the ailerons w e r e  held close  to  neutral.  Tabulated 
data have been presented in references I to 4 for many of  the  specific 
maneuvers  covered i n  this  paper. 

The  accuracy of the  test  results  is  estimated to be  within  the fo l -  
lowing limits : 

M . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . .  fO.O1 
P . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.05 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.006 

kO.006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ‘5 

RESULTS AND DISCUSSION 

Pressure  Distributions 

Representative  pressure  distributions  throughout  the  normal-force- 
coefficient  and  Mach  number  range  of  the  tests  are shown in  figures 4 
to 7 for  the  four  spanwise  stations  shown  in figure 3(a) .  The  pressure 
distributions  show  the  characteristic  change in shape  from  the  conven- 
tional  triangular  chordwise loading at low speeds  to the more  nearly 
rectangular loading at  supersonic  speeds. 
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A midsemispan  station  (station D) w a s  selected  as  the  station  most 
representative of a section having two-dimensional flow; therefore, 
relatively cmplete coverage  of  the  normal-force-coefficient  and Mach 
number  range was made for  this  station. To determine  the  effect of 
spanwise  location on the  pressure  distribution  less  complete tests were 
made at  another nr~d~em~span station  (station c$, a root  station (sta- 
tion A ) ,  and a tip  station  (statLon F). 

Midsemispan stations.-  Pressure  distributions  at  station D for low 
normal-force  coefficients  are  shown i n  figures 4(a) to 4(c). The  shape 
of  the  basic  pressure  distribution  as shown in figure 4(b)  (where cn = 0) 
at a Mach  number of 0.56 was  that  of a conventional  low-speed  pressure 
distribution  for a cadxred airfoil. As t e  Mach  number x88 incressed 
to 0.75 (appraxlmately %r) the  pressure  gradient  became  slightly  greater 
on  the  upper  surface and reached a peak at about 45 percent  chord. At 
a Mach  number of 0.82 shocks  had  formed on both upper and  lower  surfaces 
and  were  located  at  about 60 to 65 percent  chord. With further  increase 
in  Mach  number  the  shocks  moved steadily rearward,  and they reached  the 
trailing  edge  at a Mach  number  of  about 0.97. 

The pressure  distributions  at  normal-force  coefficients of -0.20 
and 0.20 (figs.  4(a) and 4(c),  respectively) shared an ordinary transla- 
tion  of  fndividual  pressures frm the  basic pressure dfstribution  neces- 
s a r y  to  produce  the  additional normal force, and a negatfve  pressure 
peak  that  developed at a normal-force  coefficient  of -0.20 near  the 
leading  edge on the  lower  surface. 

At a subcritical  Mach  number a negative  pressure  peak  associated 
with  the  expansion  around  the  leading  edge  developed on the  upper sur- 
face as a nonnal-force  coefficient of 0.40 waa reached, and it increased 
in magnitude  as  tbe  normal-force  coefficient  was  increased to 0.80 
(figs.  4(d) to 4(f)). 

A t  supercritical  Mach  nuuibers  the  pressure  distribution  showed large 
changes in shape  with  Mach  number,  attributable  to  shock  formation and 
movement.  The  critical  Mach  number  and approxhate shock  location  for 
various  normal-force  coefficients  (determined by inspection of the 
pres6ure-distribution  plots)  are  shown in figure 8. These  curves  were 
obtained fram the same data from  which  the  representative pressure dis-  
tributions of figure 4 were  selected.  The  approximate  shock  location 
for  a section  norma,l-force  coefficient  of 0.80 is not presented  because 
of  insufficient data to  define  properly  the  ehock  location through the 
Mach  .number  range. 

The  shock  which  formed  near  the  leading  edge on the  upper  surface 
at a slightly  supercritical Mach number, in general, moved rearward  with 
increase in Mach  number.  At a Mach nmber of about 0.78 the  increased 

. 
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angle  of  attack  necessary  to  maintain a constant nom-force coefficient 
resulted in a temporary  forward  movement  of  the  upper-surface  shock, 
after  which  the  shock  progressed  steadily  rearward  and  reached  the  vicin- 
ity  of  the  trailing  edge  at a Mach  number of about 0.97. On the  lower 
surface a shock  formed  at  about 60 percent  chord at Mach  nwnbers  from 
0.80 to 0.85. This lower-surface  shock moved steadily rearward  as  the 
Mach  number  increased, and reached  the  trail-  edge  at a Mach number  of 
about 0.97 at all values of normd-force coefficient  tested. 

In the  range of Mach  numbers  from 0.83 to 0.92, the  upper-surface 
shock was located forward of the  Lower-surface  shock.  This  caused a 
region of reduced loading between  the  shocks  (figs . k(d) to 4( f) ) . A t  
a section  normal-force  coefficient  of 0.40 this  reduced loading was suf -  
ficient to result in negative loading in this region. With  both  shocks 
located at the  trail-  edge (M = 0.97) the loading became  approxFmEttely 
rectangular,  and  further  increase in  Mach  number  to 1.19 resulted only 
in a gradual  positive  shift in all pressures, so that the  shape  of  the 
pressure  distribution  and loading remained  relatively  unchanged. 

Throughout  the  Mach  number  range f r o m  0.71 to  about 0.89 the  reduced 
pressure  recovery  rearward of the  upper  surface  shock  indicated a region 
of  separated  flow  (figs. 4(d) to 4(f)). Although  the  shape  of  the  pres- 
sure  distributions  at  normal-force  coefficients of 0.60 and 0.80 was 
generally similar to that at 0.40, the  shock  locations  were  not so clearly 
defined  because of more  extensive  separation at the  higher  normal-force 
coefficients.  At  Mach  numbers  between  about 0.80 and 0.90 the  airplane 
stalled  at an angle  of  attack  insufficient  to  produce a normal-force 
coefficient  of 0.80 at this station  (station D). 

A comparison has been made in  figure 9 of tke experimentally  deter- 
mined  pressure  dfstributiona  for  station D with theoretical  pressure 
distributions  obtained  by use of the Theodorsen  low-speed  method  (ref. 9 )  
together  with  the  Prandtl-Glauert  compressibility  correction.  This  cam- 
parison has been  made f o r  a normal-force  coefficient  of 0.40 at Mach 
numbers  of 0.51, 0.71, and 0.83. Ae was  expected,  the  comparison shows 
that  at  Mach  nmnbers  well below critical this theory  works  well, that 
it  gives a fair  approldmation  up  to  Mach  numbers  slightly  supercritical, 
but  that it does  not  satisfactorily  predict  the shape of  the  pressure 
distribution at the  higher  Mach  numbers  because of the  inability  of  this 
theory  to  predict  formation  and  movement of shocks. 

As was  anticipated,  the  pressure  distributions at station C (fig. 5 )  
are similar to  those at station D, except  for small differences in the 
negative  pressure  peak  at  the  leading edge and  the  discontinuity on the 
lower  surface  at  the  leading  edge of the flap. 

Variation  across  span.-  Data were obtained  only  to a section normal- 
force  coefficient of 0.70 at  the  root  and  tip  stations  (figs. 6 and 7 ,  
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respectively); hence it was not  possible t o  present data f o r  canparison 
a t  the  highest normal-force coefficient  presented  for the midsemispan 
stations.  The wing first stalls at  the  root  stetion, and a t  Mach nm- 
b e r s   l e s s   t h n  about 0.90 a norme;L-force coefficient of 0.70 is approxi- 
mately the maximum normal-force coefficient  for that station. It is 
apparent that fo r   t he   t i p  a normal-force coefficient of 0.70 IS not tbe 
maximum but the limit reached on this airplane a t  Mach numbers less  than 
0.90. This may be attributed t o  the f a c t  that, with the reduction In 
l if t-curve slope due t o   t i p   r e l i e f  and with  decreased t i p  incidence 
angle,  the  airplane sngle of attack  necessary t o  reach msxirmrm nonnal- 
force  coeff ic ient   a t   the   t ip  is i n  excess of the  angle of a t t ack   a t  
which the airplane stalls. 

For a more ready  ccmparison of the shapes of the pressure distribu- 
t i o m  across  the w i n g  panel,  figure 10 is presented t o  sunrmarize the 
pressure  distributions a t  a section normal-force coefficient of' 0.40. 
To give  an  indication of the  section  angle of' attack  necessary t o  a t t a in  
a normal-force coefficient of 0.40 f o r  a given  station,  the normal-force 
coefficients  for  the airplane are  also shown in figure 10. 

A t  subcrit ical  and slightly supercrit ical  Mach numbers the pressure 
distributions shar the grea tes t   s imi la r i ty   acro~s  the epm. The only 
significant  difference is that a greater  negative peak pressure w a s  
reached  near  the leading edge a t  the root and t ip   s ta t ioxs  than at  sta- 
t i on  D. A t  Mach numbers frm 0.81 t o  0.97 the only important difference 
in tbe pressure  distributions was In the shock locations and extent of 
separation bebind the shocks. A t  a Mach  number of approximately 0.81 
the upper-surface shock w a s  located a t  55 t o  60 percent chord a t  all 
stat ions (% = 0.40). As the Wch number was increased t o  about 0.89 
the shock a t   s t a t i o n  D had moved forward t o  45 percent  chord, the shock 
a t  s ta t ion F had moved rearward t o  80 percent chord,  and the shock at  
s ta t ion A had apparently remafned stationary. AB previously mentioned, 
the shock a t  s ta t ion D temporarily moved forward  because of the  increased 
angle of attack  necessary t o  maintain a  constant  section  normal-force 
coefficient. The interference  effects of the  fuselage end the relieving 
effects  a t  the t i p  apparently  reduced the variation of angle of attack 
with Mach  number for  constant normal-force coefffcient,   to modify the 
shock movement in   the  above maMer. 

The region of dam-load  previously  discussed f o r  the midsemispan 
stations extended  Inboard t o  the root  station  but was diminished s l ight ly .  
Because  of the more r e m a r d  shock location a t  the tip, a small region 
of dm-load  exis ted near the   t ra i l ing edge a t  a normal-force coeffi- 
cient of 0.40 only at  Mach nunkrs  near 0.89. 

A t  Mach numbers  of 0.81 and 0.89, it may be seen that the  flatten- 
of the  pressure  gradient behind the shock w a s  g rea te r   a t   s t s t ion  D than 
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at  the  root  or  tip  stations,  indicating  that  separation was more  severe 
at  the midsemispan stations. 

At a Mach  number of 0.97, figure 10 indicates  that  supersonic  flow 
existed  over all of  the  wing  panel  except near the  leading  edge, and the 
pressure  distributions  at all stations  were similar in shape.  At  the 
root  and  tip  stations,  however,  the  loading  over  the  rearward 40 percent 
chord  was  not as great  as at the  midsemispan  stations. 

Section  Aerodynamic  Characteristics 

Center  of  pressure  and  pitching-moment  coefficient.- The variation 
with  Mach  number of the  section  center-of-pressure  locatfon at various 
constant values of  section  normal-force  coefficient is s h m  in figure 11 
for  each of the four stations. The d a h  for  the  pitchfng-mment  coeffi- 
cient  about  the  quarter-chord  point, frm which  the  center-of-pressure 
data were  obtained,  are  presented  at  constant  normal-force  coefficients 
throughout  the  Mach  number  range in figure 12. From these  figures it 
may be  seen  that  rapid  changes in sectlon  center of pressure and section 
pitching-moment  coefficient  occurred in the  Mach  number  range  from 
slightly  above  critical to about 0.96. These  changes  are  apparent 
throughout  the  normal-force  range at all sperrwise  stations and  are  asso- 
ciated  with  the  shock  formation and mmxnent formerly  discussed. 

The  midsemispan  stations  showed a variation of center-of-pressure 
location  and  pitching-moment  coefficient  with  Mach  number similar to 
that  obtained  for  two-dimensfonal  airfoils. For a level-flight  section- 
normal-force  coefficient  (en = 0 . 9 )  at  stations C and D, it may be  seen 
that the  section  center  of  pressure  remafned  close  to  the  25-percent- 
chord  location  at  Mach  numbers  up to about 0.70, above  which a rearward 
shfft  of  center  of  pressure  accompanied  the  rearward  movement of the 
upper-surface shock. At a Mach  number of 0.83 the  center-of-pressure 
location  had  reached  about 37 percent  chord.  At  Mach  numbers  between 
0.83 and 0.89 the  previously  diBcussed down-load, caused by shock move- 
ment,  resulted  In a foI-ward  shift of center of pressure  to  about 13 per- 
cent  chord. In the  Mach  number  range  from 0.89 to about 0.96 the  center 
of pressure  moved  rapidly  rearward to about 43 percent  chord,  because of 
the  movement  of  both  upper-  and  lower-surface  shocks  to  near  the  trailing 
edge,  where  they  remained  to  the  limit of. the  tests.  Associated  with 
this  center-of-pressure  movement,  the  section  pitching-moment  coeffi- 
cient  changed  from a low-speed  value of about  zero  to a value of -0.06 
at a Mach  number  of 0.96 and above,  with  minimum and maximum values  of 
-0.04 and 0.04, respectively, in the  transonic  transition. . 

A t  larger  section nod-force coefficients (to about O - T O ) ,  the 
location of the  section  center of pressure was approximately  the  same 
as  that  described f o r  the  lower lift condition  except  in  the  Mach  number 
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range fran about 0.75 t o  0.96. In  this range, as the normal-force  coef- 
f icient  increased the rapid forward  and rearward shif t ing of the  center 
of pressure w a s  diminished. A t  a normal-force coefficient of 0.70, the 
center of pressure moved rearward t o  about 30 percent  chora a t  a Msch 
number of 0.82 and remained a t  this point   to  a Mach  number of 0.88 before 
progressing  further reaxward. This mre gradual shifting of the  center 
of pressure may be a t t r ibu ted   to   the   fac t  that the pressure  recovery 
through the shock was not so abrupt as at low lift, probably  because of 
development of a family of forked  shocks  instead  of a single normal 
shock  and more extensive  separation which lef t  the shock location less 
well  defined. There was a corresponding "softening" of the 8bmpt 
changes w i t h  Mach  number fo r  the pitching-mament coefficients. 

A t  the  root and t i p  sh t fons   the   var ia t ion  of section  center of 
pressure and pitching moment with Mach  number WBB similar t o  that at  
the m i d s e m i ~ p ~ ~ ~ ~  stations, except that  the magnitudes of the variation 
with Mach  number were reduced, especially a t  the t ip   sect ion.  A t  the 
subcri t ical  speeds  throughout  the l i f t  range the center of pressure a t  
the t i p  w a s  located a t  about 25 percent chord, j u s t  as at the midsemi- 
span,  but a t  the root  the  center of pressure was farther forward  (about 
20 percent  chord). A t  Mach numbers  above 0.96, the average  center-of- 
pressure  location a t  the  root and t i p   s t a t i o n s ,  throughout the lift 
range, w a s  forward of tbe location a t  the midsemispan. The average 
values were about 37 and 9 percent,  respectively, a t  the root and t i p  
stations, as compared with 43 percent a t  the midsemispan. 

Figure 13 presents, a t  various  constant Mach nmbers, the variation 
of pitching-moment coefficient  with normal-force coeff ic ient   for  the 
four   s ta t ions.   Frm the Slopes of these  curves it may be seen that, f o r  
the midsemispan stations,  there was a defini te ly  stable variation of 
section  pitching moment f o r  Mach nmbers of 0.89  and  above. A t  Mach 
numbers of 0.83 and below, the midsemispan stations were nearly  neutrally 
s table  throughout most of the normal-force-coefficient  range.  For the 
root   s ta t ion,  a t  high speeds, a stable  variation of pitching-moment 
coefficient with n o m - f o r c e   c o e f f i c i e n t  also appeared, but  the m u -  
t r a l l y  stable condition was approached as Mach  number w a s  -shed t o  
0.89, and at Mach numbers of 0.83 and below there was a s l igh t ly  uns-kble 
variation. The t i p   s t a t i o n  a l s o  showed a stable  variation a t  the hfgher 
Mach numbers. As the Mach  number was decreased t o  about 0.75, the  vari- 
ation  gradually approached  a neutrally  stable  condition, which remined 
t o  lower  speeds. 

Chord-force coefficient.- The variation with Mach  number of sec- 
t i on  chord-force coef f ic ien t   i e  sham i n  figure 14. A t  all stations 
and all values of section  nomal"force  coefficient sFmilar trends are 
sham. A t  a given normal-force coefficient an approximately  constant 
negative  (forward)  chord-force  coefficient existed a t  subsonic Mach 
numbers up t o  somarhat above Mcr. A t  transonic Mach nwnbers a re lat ively 

. 
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steady  increase in chord-force  coefficient  occurred,  and  it  continued  to 
a definitely  positive  (rearward) value at Mach  numbers appraching 1.0, 
above  which  the  values  remained nearly constant  to  the  limit of the 
tests.  At  the  lower  Mach  numbers  the  magnitude  of  the  negative  chord- 
force  coefficient  increased  steadily  with  normal-force  coefficient 
because  of  the  increasing  negative  pressure  peak  near the leading  edge. 
The  change to positive  chord-force  coefficients in the  transonic  Mach 
number  region  for all no-1-force  coefficients  presented may be  attrib- 
uted  to a decrease  of  the  leading-edge  negative-pressure  peak  with 
increasing  Mach  number,  and also to  the  increasing  magnitude of negative 
pressures  over  the  rearward  part  of the upper  surface. The on ly  signif- 
icant  difference in the  chord-force  coefficient  across  the  wing  panel 
was  the  Mach  number at whfch  the  curves  reached  the maximum value 
(approximately 0.92 at the tip  and 0.96 across the rest  of  the span). 

CONCLUSIONS 

Results  of  chordwise  pressure-distribution  measurements  over  four 
spanwise  stations  of  the wtng of  the  Bell X - 1  research  airplane show 
that : 

1. The  pressure  distributions  at  the  four  spanwise  stations  were 
generally similar at  comparable  section  normal-force  coefficients,  and 
shared a change  from  the  conventional  law-speed  triangular  chordwise 
loading  to  the  more  nearly  rectangular lading at supersonic  speeds. 

2. Large  changes in the  shape  of  the  pressure  distributions,  with 
accompanying  movement  of the section center of  pressure,  occurred at 
Mach  numbers  from  about 0.80 to 0.96 at the  midsemispan station as a 
result  of  shock  movernent  with a change in Mach  number.  The  trends of 
center-of-pressure  movement  at the root and  tip  stations  were  the  same 
as at  the  midsemispan  stations,  but  were  not so pronounced  because  of 
fuselage  and  tip  effects.  The most abrupt  center-of-pressure  shift 
occurred  at low lift at the  root  and midsemispan stations,  where a for -  
ward  movement  to  about 15 percent  chord  occurred  at a Mach number of 
0.89. 

3. There was a definitely  stable  variation  of  section  pitchfng- 
moment  coefficient  with  section  normal-force  coefficient at Mach n m -  
bers  of 0.89 and  above f o r  each  of  the  four  spanwise  Stations. 

4. At Mach  numbers  between 0.81 and 0.89, the  reduction of pressure 
recovery  behind  the  shock w a s  greater  at  the  rnidsemfspan  stations  than 
at  the  root  or  tip  stations. T h i s  result  indicated  that  separation w a s  
more  severe  at the midsemispan  stations. 

* 
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5 .  At a given  section  nonnal-force  coefficient an approximately 
constant negative  (forward)  chord-force  coefficient  existed at subsonic 
Mach  numbers up to  sanewhat above the critical  Mach  number  at all sta- 
tions. A t  transonic  Mach  numbers 8 relatively steady increase in chord- 
force  coefficfent  occurred, and it continued to a definitely positive 
value at Mach  numbers  approaching 1.0, above which t he  values remained 
nearly  constant to the  limit of the tes ts .  

- 

Langley  Aeronautical  Laboratory, 
National Advisory CcPmnittee for Aeronautics, 

Langley  Field, Va. 
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Figure 2.- Three-view drawing of X-1 airplane. 
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Figure 1.- Bell X-1 airplane. 
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(a) Spanwise. 

Figure 3. -  Spanwise and chordwise locatfons of pressure-measuring  orifices. 
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(b) Chordwise. 

Figure 3.- Concluded. 
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(a) c, = -0.20. 

Figure 4.- Mach nuniber effects on the chordwise  pressure  distributions 
at station D of the 10-percent-thick wing of the Bell X-l airplane. 
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(b) % = 0. 

Figure 4.- Continued. 



NACA RM L53D20 - 21 

( c )  c, = 0.20. 

Figure 4 .- Continued. - 
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(a) % = 0.40. 

Figure 4.- Continued. 
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(e) cn = 0.60. 

Figure 4.- Continued. 
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(f) cn = 0.80. 

Figure 4.- Concluded. 
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Figure 5.- Mach nuniber effects on the chordwise  pressure  distributions 
at stat ion C of the 10-percent-thick wing of the Bell X-1 sirplane. 
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(b) Cn = 0.60. 

Figure 5.- Continued. 



(c) = 0.80. 

Figure 5 . -  Concluded. - 
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(a) c, = 0.40. 

Figure 6.- Mach m e r  efPects on the chordwise pressure distributions 
at s ta t ion  A of the 10-percent-thick wing of the B e l l  X - 1  airplane. 
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(b) c, = 0.60. 

Figure 6. -  Continued. 
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( c )  cn 3 0.70. 

Figure 6 . -  Concluded. - 
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Figure 7. - Mach 
at  station F 

(a) c, = 0.40. 

nurdber effects on the chordrlse pressure distributions 
of the  10-percent-thick  wing of the Bell X-1 airplane. 
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(c) c, = 0.70. 

Figure 7.- Concluded. 



(a) Critical  Mach number. (b) Approxlmste shock location. 

Figure 8.- Ckitlcal Mach number and app-oximate shock location for wing 
etation D at various values of section  normal-force  coefficient. 
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. Figure 9.- Comparison of theory with experimentally  determined  pressure 
distributions at station D. cn = 0.4. 



. . . . . . . . - . 
-. . . . . . . . . . . . - . . - - . .. 

D 

Figure 10.- Comparison of pressure distributions masured at  midsemispan, 
root, and tip stations for Variou6 Mach numbers. Cn = 0.4. 
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11.- Variation of section center of pressure  with Mach number at 
various values of section normal-force coefficient for four spanwise 
stations, 
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Figure 12.- Variation of Section  pitching-moment  coefficient with Mach 
rider at various values of section nom-force coefficient for four 
spanwise stations. 
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Figure 12.- Concluded. 
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Figure 13.- Variation of section pitching-moment coefficient with section 
normd"force  coefficient a t  various Mach Iumibers f o r  four spanwise 
stations.  - 
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Figure 14.- Variation of section  chord-force  coefficfent with Mach number 
at  various section narmal-fmce coefficients for four spanwise stations. 
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Figure 14.- Concluded. 


